ABSTRACT
INTRODUCTION Background
Human-driven changes in land use and land cover are by far the most dominant component of global change in terms of impacts on terrestrial ecosystems. Land use and land cover changes are one of the fundamental phenomena in the earth system"s dynamics. Land cover change in the tropical region country such as Indonesia is concentrated on the conversion of forest to more intensively managed system. The Indonesian issue of land use and land cover changes becomes more critical, as the population living in the archipelago increases, leading to the increase in the demand for space, and the complexity of activities potentially changing the land cover and land uses at a more rapid pace. Land cover and land use changes, including from deforestation, in Indonesia has been showing a significant magnitude in the last 50 years (Frederick et al. 2001) . Net primary production (NPP) is the difference between total photosynthesis (Gross Primary Production, GPP) and total plant respiration in an ecosystem. NPP is a fundamental ecological variable, not only because it measures the energy input to the biosphere and terrestrial carbon dioxide assimilation, but also because of its significance in indicating the condition of the land surface area and status of a wide range of ecological processes. Information on NPP in tropical forests is needed for the development of realistic global carbon budgets, for projecting how these ecosystems will be affected by climatic and atmospheric changes, and for evaluating eddy covariance measurements of tropical forest carbon flux.
NPP is able to describe the net flux of carbon from the atmosphere into green plants per unit time. NPP refers to a rate process, i.e., the amount of vegetable matter produced (net primary production) per day, week, or year. There are many ways to estimate terrestrial NPP from field measurements that depend on the type of plants and available measurements. Study about NPP for tropical forest is very important, because Indonesia is one of the countries located in the tropical area. Indonesia has large area of tropical forest. Dixon et al. (1994) declared that tropical forests are disproportionately important in the world carbon budget, representing an estimated 59% of the global carbon pool in forests. Although they are only 22% of potential vegetation by area, tropical evergreen and deciduous forests have been estimated to account for 32% to 43% (Melillo et al. 1993 ) of the world"s potential terrestrial NPP.
An important current research need is to develop a better understanding of NPP in the world"s forests, ecosystems that play a major role in the global carbon budget (Dixon et al. 1994 ).
While unprecedented atmospheric concentrations of the greenhouse gas carbon dioxide (CO 2 ) continue to increase due to anthropogenic activities, large uncertainties affect current understanding of the world"s carbon budget (Melillo et al. 1996) . Such improvements in our understanding of forest carbon dynamics can then be used to develop better policy decisions related to forest production or conservation (Clark et al. 2001) .
Remote sensing techniques used in relatively simple modeling frameworks to estimate global NPP of terrestrial vegetation using the relationship between reflectance properties and absorption of photosynthetically active radiation (PAR), if net conversion efficiencies can be approximated or assumed nearly constant (Ruimy et al. 1994) . NPP can be also estimate using the difference between total photosynthesis (GPP) and total plant respiration in an ecosystem. The difficulty in using this approach as the basis for estimating NPP in the field lies in the uncertainties associated with the estimation of respiration. NPP can also be estimated from information about biomass dynamics. An attractive approach for estimating NPP using modeling proposed by Monteith (1972 Monteith ( , 1977 and June (2004) , which is based on relationship between radiation use efficiency (e), photosyntetically active radiation (PAR) and fraction of absorbed photosynthetically active radiation (fAPAR). NPP (gC m -2 year -1
) is determine as dC/dt (carbon accumulation over time; when time = I year dC/dt=NPP) as a product of the efficiency of the canopy (June, 2004) .
Objectives
There are several objectives designed for this research, which are:
a. Study vegetation indices derived from micrometeorological measurement and from remotely sensed data b. Estimating NPP from peat swamp forest using remote sensing approach and plant physiological / micrometeorological modeling
The result of this research could be used to estimate the total of carbon absorbed by forest vegetation (carbon sink) and shows a range of forest carbon storage potentials.
Hypothesis
This research used remote sensing approach and plant physiological modeling to derive some parameters and variables used in NPP modeling. The remote sensing approach has advantage in order to derive spatial result, but it should be comparing with the micrometeorological modeling based on in situ measurements. Different methods of NPP estimating will cause the different result of NPP simulated but still in the same pattern or trend. Considering the environmental condition, there is also a relationship between climate condition and the result of NPP simulated.
RESEARCH METHODOLOGY

Research Location and Data Source
Study area of this research is a natural peat swap forest (in Area B of the Mega Rice Project) at Kalampangan, located at near Palangkaraya city in Central Kalimantan. Peat swamp forest in Central Kalimantan has been recognized as one of the significant sinks for fixing atmosphere carbon. In Kalampangan site, there are four land cover classification, which are natural forest, regenerating forest, burn forest and agricultural land. The height of the forest canopy is about 26 m, where forest is located between the Sebangau River and a channel running from north to south. Location of the study and one of the Landsat ETM data used is shown in Figure 1 . 
Remote Sensing Analysis
Basic image processing conducted to preparing the remote sensing data for further analysis. Sub sampling image conducted to select forest area trough cropping method, meanwhile vector data used to cropping area peat swamp forest. This research used unsupervised classification to classify result of vegetation indices analysis such as NDVI and LAI. The output of this image classification process is classification of range value of NDVI and LAI. Image classifications also used to create map display of NPP that contain range of NPP estimated from the study area. The number of classes of NDVI, LAI and NPP will depend on the statistic analysis of the images.
Estimation of Normal Different Vegetation Index (NDVI)
The normalized different vegetation index (NDVI), which is related to the proportion of photosyntetically active radiation, is calculated from atmospherically corrected reflected from the near infrared and red of remote sensing data. From micrometeorological measurement, NDVI values was derived using equation introduced by (Huemmrich et al., 1999) . The NDVI value will calculated using data measured between 10.00 WIB and 14:00 local time when downward shortwave radiation was larger that 600 watt m -2
. The equation used is shown below:
Where  oIR is optical infrared reflectance and  PAR is PAR reflectance.  oIR and  PAR is function of radiation and PPFD measured in micrometeorological instrument. ).
Estimation of Leaf Area Index (LAI)
Estimation LAI will be done using equation introduced by Ibrahim (2001) . Linear relationship between LAI and NDVI using Landsat TM data estimated through the equation as:
Estimation of f APAR and PAR
Estimation of f APAR will be done using equation introduced by Ruimy et al. (1994) . The relationship between fAPAR and NDVI is shown in equation:
PAR is part of shortwave radiation from the sun in range bertween 0.4 -0.7 m, derived from direct measurement using quantum sensor that record photosyhentetic photon flux densities
. PAR could also estimate using micrometeorological modeling. In this research, PAR used for NPP calculation from tower measurement derived from PPFD measured at 40.6 m in tower. The relationship between PAR and PPFD is shown in equation:
PAR used for NPP calculation from remotely sensed data is derived from WIMOVAC micrometeorological modeling. WIMOVAC as micrometeorological modeling is a software package for modeling the dynamics of plant leaf and canopy photosynthesis.
Radiation Use Efficiency (e)
Radiation use efficiency is defined as mol CO 2 assimilated per mol absorbed light. In this research, based on the study site characteristic, sunlit/shaded model is used to derived canopy assimilation rate (Ac) and radiation absorption by canopy (Ic) using WIMOVAC modeling. To calculate e value, the relationship between Ac and Ic is shown in equation:
Ic Ac e  ………………………………………………………………………………….. (8) The value of e can be considered as a constant value or changes daily based on the changing climate and plant parameter like leaf area index (LAI). However, in order to make it responsive to the changing environmental condition, or to be used for a climate change prediction effect on NPP, e has to be estimated using mechanistically or semi mechanistically model (June, 2004) .
Net Primary Productivity (NPP) Modeling
The approach for NPP modeling is conducedt using relationship between radiation use efficiency (e), photosyntetically active radiation (PAR) and fraction of absorbed photosynthetically active radiation (fAPAR) (June, 2002) . Radiation use efficiency value is a function of climate condition, vegetation type and leaf area index. PAR is a solar radiation energy that used in (e s ). The increasing of air temperature will followed with increasing of es. In the atmosphere, the increasing of air temperature is usually followed by decreasing of RH. In this case, it is possible that increasing of air temperature also increase the water evaporated to atmosphere that increasing water content in atmosphere. It is because the area is peat swamp forest that content Figure 6 . NDVI values different from both methods are different, but delta and trend is similar. Different values of NDVI derive from remote sensing approach and in situ measurement is constant in range 0.33-0.34. This is shown that there is another factor involved in the process for both. remotely sensed data and micrometeorological measurement data. This is quite difficult to determine. which one is more right or better. Both approach have unique method to acquire the data and processed to vegetation indices. Goetz et al (1999) shown that only 35% of the variability of NPP was explained by the annual sum of NDVI, thus in case of mapping of NPP value, the NPP map was not a simple transformation of vegetation indices map derived from satellite. Furthermore, Goetz et al (1999) declared that there are two variables that had the strongest effect of the values of NPP estimated, which are vapor pressure deficit (vpd) and absorbed PAR. In this research, absorbed PAR is representing in fAPAR that derived from equation using NDVI as input. It does explain why the distribution of NDVI forest around the Kalampangan site will affecting the NPP valued estimated. 
NPP from micrometeorogical measurement
The difference parameter used to estimate NPP values using remotely sensed data and micrometeorological measurement is a parameter of vegetation condition. All parameter used to estimate an NPP value is from micrometeorological measurement. NDVI values were derived from solar radiation and PAR measured in tower. Furthermore, daily NDVI is used to estimate daily fPAR based on equation introduced by Ruimy et al (1994) . The NPP value is derived from single position that is tower. With assume that the peat swamp forest is relatively homogeny, the result can be used to representing all area in peat swamp forest in Kalampangan site. Goetz et al (1999) shown that vapor pressure deficit (vpd) and APAR are two parameters that have strongest effect on the value of NPP estimated. Vpd is an important environmental control of photosynthesis, which defined as the different between saturated and actual vapor pressure. In environment, the higher vpd value indicated the atmospheric condition is more dry rather that the condition with less vpd. In rainy season, vpd relatively higher rather than dry season because of the higher atmospheric humidity.
This result is need more analyzed using longer time series data to study the monthly variability of NPP value estimated. There is strong correlation between of NPP values derive using both methods with r2 = 0.98. Although the result show high correlation. but still need further research. Continuous micrometeorological measurement from tower that still running. can be used to support the data for further research. It has been shown that remote sensing approach and plant physiological modeling using micrometeorological measurement is able to use to estimate net primary production (NPP). NPP values estimated using both approach is different. but still in same or similar pattern.
The main factor that caused different result of NPP estimates is different approach that used to derived vegetation indices parameter. This parameter than will used to estimate fraction absorbed photosinthetically active radiation (fAPAR).
Recommendations
The research is still pre-elementary research that should be supported by more precise of further research. The limitation of this research is lack of remotely sensed data used. The recommendation for further research is to use more remotely sensed data with better temporal resolution and moderate spatial resolution such as ASTER or MODIS data. Most of NDVI relationship with plant parameter used in this research has not based on site specific measurement. It is important to develop site specific relationship between NDVI with fAPAR and NDVI with LAI and also involving site specific photosynthetic parameter to increase the result accuracy of the NPP simulated.
